Introduction
The major variables affecting the diversity of freshwater algae are climate, geomorphology and hydrology of the habitat, as well as anthropogenic factors. The fluctuation range of the environmental variables determine the habitat-specific hierarchical structure of the taxonomic alpha-diversity [1] . The alpha-diversity of a habitat can be defined as a local expression of the regional "taxonomic possibilities" that are in equilibrium with environmental conditions [2] . In semi-arid climates, the algal communities of perennial running water types, e.g. springs, streams and rivers, are more representative of regional environmental situations than those of ponds and other small temporal water bodies that constitute only a small part of the water reserves [3] . Therefore, small river basin units are considered the most suitable for high resolution studies at the biotope or community scale [4, 5] . As a rule, an algal community with a high alpha-diversity comprises the majority of indicator species for various environmental impacts occurring over the water body and catchment basin [6] . These general considerations have determined the choice of habitats for comparative analysis of alpha-diversity in riverine algal communities in regards to the regional environmental impacts.
According to the fundamentals of bio-indication methods, the species composition of an algal community reflects a combination of variables that are characteristic of its habitat [7] [8] [9] . A method combining taxonomy with chorological and ecological data can reveal the environmental filtering that forms the patterns of regional diversity. A comparison of diversity patterns of geographical and ecological scales facilitates causative analysis of the diversity forming processes [10] . The phytogeographic scale analysis of higher plant diversity for the territory of Israeli reveals four well-defined realms [11, 12] , whereas no comparable results have been so far obtained for the algal distribution. The multidisciplinary evolutionary study of biodiversity, involving a wide range of organisms from cyanobacteria to mammals, over a mosaic of natural habitats [13] [14] [15] [16] , shows a strong correlation between species composition and stressful environmental factors in the semi-arid and arid climatic zones of Israel.
As have been demonstrated for the small rivers of the Mediterranean and Western Pacific regions with similar hydrology and anthropogenic loads [17] , the alpha-diversity of algal communities respond to specific environmental variables. However, the comparison of diversity patterns in the riverine communities in the northern and southern Israel allows us to reveal changes caused by temperature that may anticipate a succession under ongoing climate warming [18] . Additionally, statistical approaches that incorporate the spatio-geographic data, external to the biodiversity trees, provide the means for generating realistic phylogeographic hypotheses [19] . In the rivers and streams of Israel, algal communities exist in a diverse range of habitats (represented in our recent publications and unpublished data [18, [20] [21] [22] [23] [24] [25] [26] ). The common comparative methods can be used at medium to large spatial scales and, therefore, it is important to choose an adequate spatial scale that will in turn determine the choice of variables having a major influence upon the algal diversity [27] . In this study, the unit of analysis was small river catchment areas of comparable dimensions in Israel [28] . The aim of the comparative analysis was to identify similar algal communities that demonstrate an influence of common geographical and/or ecological factors on their habitats. Each group of habitats detected in this way wasis specified by certain geomorphological and water quality variables. Therefore, the results of the comparative analysis can be used to determine the major ecological factors that influence algal diversity.
Description of Israeli rivers
Israel's rivers are located mostly in the coastal plain and the mountainous northern area. The only stream flowing in the Negev Desert, partly as a perennial stream, is the Zin. The area from the Golan Heights (about 33°11' N) to Central Negev (about 30°50' N) is transected by ten major streams and their tributaries ( Figure 1 ). They are small in comparison to other Middle Eastern rivers such as the Nile or Euphrates, with a typical catchment area of a few hundred square kilometers and tens of kilometers in length. Nevertheless, until the 1940s, most of these small rivers drew water throughout or for most of the year and supported diverse ecosystems rich in species of fauna and flora. Since the establishment of the State of Israel in 1948, the country has undergone rapid urbanization and industrialization. As a result, and due to a low environmental awareness, the coastal rivers progressively have become the sinks of insufficiently treated wastewaters and solid wastes of diverse origins [28] . The Jordan River with a catchment area in northern Israel is divided into two parts by Lake Kinneret. The Upper Jordan River flows from the piedmonts of Mount Hermon to Lake Kinneret, whereas the Lower Jordan River continues from Lake Kinneret towards the Dead Sea for 105 km until the Hussein Bridge.
Experimental Procedures
The algal flora of Israel is characterized by high species diversity. An overview recorded more than 1200 species of algae and cyanobacteria belonging to nine taxonomic divisions in the continental part of Israel [29] . However, Israel's coastal rivers, as well as the Lower and Upper Jordan rivers were poorly sampled until 2002. A more comprehensive research of algal diversity in the running waters of Israel was performed during 2002-2009. The research included the Yarqon, Alexander, Hadera, Qishon and Oren rivers in the coastal plain, the Lower and Upper Jordan rivers in the rift valley, and the river Zin in the Negev Desert [18, [20] [21] [22] [23] [24] [25] [26] . As a result, 671 species of algae and cyanobacteria belonging to nine taxonomic divisions were established ( Table 1) . The taxonomy was accepted after consultation with the database, AlgaeBASE [30] .
Rivers of Israel differ in ecological factors, types of water balance, water chemistry and geomorphology. These distinctions can be important for understanding the diversity structure of the algal communities. The diversity of aquatic communities in the rivers of Israel (the alpha-biodiversity level) was compared using four separate approaches.
The first, the divisional taxonomic structural comparison, was performed by preparing a "radar diagram" for each river's data. Each diagram includes the diversity data for all algal divisions (9) found in the Israeli rivers and streams.
The second, the geobotanical approach, was used to reveal similarity between the studied riverine communities as well as their grouping in respect to major environmental factors. The intersection of each of the two diversity sets were calculated using the model "GRAPHS" [31] as:
where A and B are equal to the biodiversity of the two communities, the intersection of the two diversity sets represents a part of the Similarity Dendrite. The whole dendrite picture gives us the percentage of species shared by each pair of communities, and therefore the most similar communities at the chosen similarity level. The strength of association aided the selection of the most similar communities based on the Sørensen's index of similarity and represented as the round graphs of the Terentyev's Pleiades in the program "GRAPHS" [31] .
The third approach used in this paper is a hierarchical cluster analysis, with the similarities measured by Euclidean distances and Nearest Neighbor methods (using Bray-Curtis similarity measure for Present/Absent matrix). A statistical comparison of diversity for all known species of Israeli rivers and streams, excluding the insufficiently studied Zin River, was completed.
Non-metric multidimensional scaling was also applied. The comparative inter-regional analysis of taxonomic diversity was conducted by application of statistical techniques included in the PRIMER-v5 package [32] and with the Statistica 6.0 software [33] .
The fourth and most modern approach was based on the degree of relatedness of species and was used as a tool for comparing the patterns of relatedness of taxonomic structures for each algal assemblage. This Warwick-Clarke method also provided additional information about the influence of long-term microclimatic and other environmental alterations upon the algal communities, at the different levels of taxonomic resolution [33] .
Taxonomic Distinctness Indices (TaxD) are recently developed and widely accepted measures of diversity [ 34, 35] that estimate taxonomic biodiversity features by calculating the distances between taxa ranks (e.g. two species from the same genus obtain a lower index compared with two species from different families or orders). Two aspects of the taxonomic structure were analyzed: the richness in higher taxa and the "evenness" of the taxa distribution across the hierarchical phylogenetic tree of algal communities. The assessment of these two components of diversity is particularly important for the large spatial scale analysis, where habitat heterogeneity is likely to influence the diversity patterns. Species attain highest diversity in particular habitats. Whilst under long-term natural (or anthropogenic) disturbances some groups of species (or other taxa) can be underrepresented and others over-represented in regards to the regional picture.
The performed taxonomic analysis was based on the calculation of the two taxonomic diversity indices, of which the Average taxonomic distinctness (AvTD, Δ + ) reflects the mean "path length" through the assemblage taxonomic tree (to a common phylogenetic node) connecting every pair of species randomly selected from the list (Eq. 2).
where ω ij is the taxonomic path length between species i and j and s is the number of species.
The second index, the Variation in taxonomic distinctness (VarTD, Λ + ) reflects the variability (variance) of the pairwise path lengths (ω ij ) between each pair of species i and j rating to its average value Δ + (Eq. 3).
The VarTD index characterizes the "horizontal" unevenness of the taxonomic tree from the conventional averaged level, i.e. various representativeness of the lower taxa with higher taxa (such as Species per Genus and Genus per Family) over the separate branches of the hierarchical tree. The three examples of simplified taxonomic tree (consisting of five species with four levels and three step lengths) shown in Figure 2a -c, provide a better understanding of the differences in TaxD indices resulting from alterations in phylogenetic structure of the assemblages.
A probability funnel was created from a range of randomly drawn subsets (m = 20, 30, 40, …500, etc. where m is number of species per set) of species (or higher taxonomic categories) from the whole regional or biogeographic inventory. The taxonomic diversity index, either Δ + or Λ + was plotted against m and the upper and lower 95% probability limits were displayed on the graph. The positions of the real taxonomic distinctness (TaxD) indices values added to such plots and corresponding to certain locations allow a comparison of deviations in distinctness values (i.e. taxonomic structure) from the expected TaxD level for the regional inventory. Points located within the borders of the probability funnel indicate that taxonomic diversity of the corresponding sites falls within the expected range that was revealed from the diversity analysis of the entire biogeographical region. Points positioned outside the funnel represent biodiversity measures that depart significantly from what might be expected in regard of a pronounced (and longterm) environmental perturbation [35] . The calculated values of Δ + and Λ + were usually located within the simulated 95% probability funnel, convergent towards increasing species number in the floras.
The taxonomic analysis was performed for the inventory list of algal flora for Israeli rivers, including a total of 655 species and infra-specific taxa. The initial binary presence/absence matrix was created and the information included in the matrix was subsequently aggregated over the phylogenetic tree into 6 higher taxonomic levels (from infra-specific to division). Simulation, through construction of probability funnels, was completed for 1000-fold random pairwise selections of AvTD and VarTD values for different subsets of a fixed number of taxa, consecutively from 25 to 655 species and infra-species (or 230 genera).
Results and Discussion
The algal diversity taxonomical composition structures for Israeli rivers (Figure 3) constructed on the divisional level constituted two different groups, one dominated by green algae and the other mainly comprising diatoms. The taxonomical compositions of the algal flora in the coastal rivers of Hadera and Alexander and the Lower Jordan River (rift valley) belonged to the first group, with a prevalence of green algae or with nearly equal proportions of diatoms, greens and cyanobacteria. All of the other rivers studied were classified to the second group as they were dominated by diatoms. The cyclograms in Figure 3 show the marked prevalence in the second group of a diatom dominated floral diversity. This can be assumed to be the natural situation for the region. A few group one floras may be present of recent anthropogenic transformation of the rivers or due to the influence of some specific natural conditions, such as a sluggish river flow over the costal plains. The Zin river was excluded from the following analysis because it was insufficiently studied in this respect. Despite the fact that the studied rivers differ from each other in their floristic and habitat characteristics, quite a large number of common species was found. The most abundant in all the studied rivers were mostly diatoms ( Table 2 ). These species are cosmopolitan, benthic or plankto-benthic, thriving in the low streaming and standing alkaline waters of moderate salinity and low to moderate organic pollution. Remarkably, the diatoms, the most indicative group, also contain the most abundant species. The fact that diatoms are the most abundant bioindicator group is important for the future development of a bio-monitoring system in Israel.
Traditionally used the higher plants, but seldom used for algal communities is a geobotanical approach, which was also instrumental in marking out the most similar communities (Figure 4) . In Figure 4 the most similar communities are from the coastal rivers of Yarqon and Qishon. These rivers have a rich diversity that includes most of the common species and reflects a severe anthropogenic impact during more than 60 years. The algal community from the river Oren is placed separately as the least anthropogenically disturbed, serving as a reference for a natural algal community of the region.
The algal community of the Yarqon river comprises most of the species diversity found in the other studied rivers. Figure 5 demonstrates a close similarity of the Qishon and Alexander coastal rivers algal communities and the river Yarqon. However, the Yarqon algal community also includes many species known from the Oren river and the Upper Jordan river, which are placed separately in the graph, representing a clear division of the mountain river type.
A the total of 671 taxa of algae and cyanobacteria are listed for Israeli rivers [18, [20] [21] [22] [23] [24] [25] [26] 
The Yarqon river is characterized by the highest taxonomic richness at the infra-species, generic and family levels with 314, 135 and 74 taxa, respectively. In contrast, the respective numbers for the lowest taxonomic richness, which was registered in the Alexander river, were 146, 74 and 49.
Marked differences in taxonomic richness were revealed by comparison of the lower and upper segments of the Jordan river. For example, in the Upper Jordan we found 231 taxa of the species and infra-species ranks, 117 genera and 72 families, whereas in the Lower Jordan these categories include 151, 90 and 60 taxa, respectively.
The results of the cluster analysis and ordination (nMDS) (using Bray-Curtis similarity measure for Present/Absent matrix) of the algal species diversity in Israeli rivers are presented in Figures 6a,b . The rivers are grouped for the Linkage Distance of 42 into four clusters according to similarity in algal diversity. The first species diversity cluster (1) includes the Upper and Lower Jordan rivers, which flow along the rift valley. The second cluster includes two coastal rivers (Hadera and Alexander), which flow from the piedmonts of the Yehudea mountain to the Mediterranean Sea. The Yarqon, which is distinguished by a strongly regulated channel and multiple ponds, and the Qishon River are assigned to cluster 3. These rivers are the largest coastal watercourses impacted by wastewaters from Tel Aviv and a chemical production plant (Haifa Chemicals). The rivers that form clusters 2 and 3, flow across the coastal plains and their estuaries are influenced by sea tides. The Oren river, which is a piedmont stream located on Mount Carmel, has no exit to the sea. It, therefore, constitutes a separate branch on the cluster plot ( Figure 6a ) and in our investigation has been marked as a reference site for coastal rivers diversity [21] . The Oren river (as a reference stream) differs considerably from the other rivers on account of its species/subspecies content and was not included into either of the above-mentioned groups at the selected similarity level (Figure 6b ).
The analysis of diversity distribution over the tree of river clusters shows that the diversity of each group is mainly controlled by the hydrology of the river basin as well as by anthropogenic impact.
For the first time traditional statistical analysis has been applied to study algal biodiversity in the rivers of Israel, the results recognize hydrology and anthropogenic load to be the major factors influencing algal diversity in the Israeli river system as was revealed for the many others regions of the world. The similarity of the Upper Jordan river and the Oren river is significant since the Upper Jordan river is the drinking water source for Israel and the Oren River is used as natural reference river for the study of pollution and climate change effects on biodiversity [18] .
To discriminate between the influence of long termclimatic and short term anthropogenic factors we have applied a infrequently used method. The comparative assessment of possible deviation in taxonomic structures of Israel's river communities from the expected level with regard to the total list of species and infra-species (655) Table 3 . Figure 7 shows that the calculated Δ + values for the Lower Jordan is the maximal (90.12) and is positioned considerably higher than the expected mode of the probability funnel (Δ + = 89.3), but within the upper limit. This suggests that the algal diversity structure in the Lower Jordan river is "above expectation", i.e. the oligospecific branches, converging to the common node at the higher hierarchic level, prevails in the taxonomic structure. Evidence for a higher evenness of taxonomic structure compared to the average expected level, is also shown by the lowest values of spp/gen and spp/fam ratios calculated for this river (1.68 and 2.52, correspondingly, Table 3 ).
The value Δ + , corresponding to the Hadera River (Δ + = 89.0) is near to the expected average mode. This indicates that the vertical evenness (as the main component of the taxonomic diversity) is characterized by moderate proportionality in the ratio of lower taxa/ higher taxa over the transition from the subspecies level towards the higher hierarchic levels (ratio Sp. & infrasp/Genus and Sp. & infra-sp/Family are 1.93 and 3.16, respectively). The index Δ + for the Alexander river is located below the expected average level, but within the lower limit of the probability funnel.
A separate group consisted of four river basins -Yarqon, Oren, Upper Jordan, and Qishon. The calculated Δ + values for these rivers are beyond the lower limit of the simulated distribution funnel. Therefore, the null hypothesis presuming the absence of significant Figure 7 ). The lowest position of points on the AvTD plot shows that the algal diversity structure in all of the rivers in this group was significantly "below expectation". Such an exceptional algal diversity may be related to a decreased level of taxonomic diversity, despite considerable species richness, related with minimal evenness of the whole taxonomic tree due to a rather high ratio of polyspecific branches. In these four river basins we found the strongest aggregation from the lower rank taxa towards the higher rank taxa ( Table 3 ). The mostly topologically "flat" hierarchy of algal communities in the rivers Yarqon, Oren, Upper Jordan, and Qishon can also signify the low level of taxonomic diversity, resulting from a gradual degradation of algal communities and elimination of some mono-and oligo-specific branches under permanent environmental disturbances, including technogenic pollution. Using the same method but incorporating the other taxonomic diversity index, VarTD (Λ + ) shows that points corresponding to the Lower Jordan and Upper Jordan are the only ones situated close to the expected mode of the corresponding funnel (Λ + = 388), which was calculated from simulated distribution of VarTD for different subsets of fixed species and infraspecies numbers (Figure 8) . Such results indicate that the aggregation pattern of initial taxa into taxa of the higher hierarchic levels in both the Lower and Upper Jordan rivers is similar to the aggregation pattern corresponding to the expected average value of VarTD for all of the Israeli rivers that were under consideration in this study.
The taxonomic diversity for the rest of the rivers is characterized by a high variability of the phylogenetic tree topology: the calculated Λ + values are mapped on the plot not only above the expected average level, but also beyond the upper limit of the 95% probability funnel (Figure 8) . The most pronounced branching of the taxonomic tree was marked for the rivers Alexander, Qishon, and Yarqon. This result may indicate that the algal assemblages in these rivers are characterized by an uneven phylogenetic structure (availability of both of oligo-and poly-specific arms in the taxonomic tree) compared to the other rivers. Asymmetric shape of taxonomic structure (tree) can be formed under the influence of different environmental factors, changing considerably across the temporal and spatial scale. In such cases, the biotic community is usually characterized by a pronounced taxonomic heterogeneity apparent at various hierarchical levels. Note, that interposition of points on plots Δ + and Λ + corresponding to the same river, usually show the "mirror" pattern (e.g. points for the Alexander and Yarqon rivers), where the expected average line can be the axis of symmetry.
The results of a similar analysis of taxonomic structure, but starting from the generic level are represented in Table 4 , Figures 9 and 10 . Comparison of these data with the earlier obtained results for the subspecies level can provide additional information in regard of degradation of the taxonomic structure, i.e. the changing proportionality in the "lower taxa/higher taxa" ratio under a long term adverse environmental impact. In other words, this information reveals whether an alteration of the vertical evenness of phylogenetic tree takes place under successive aggregation of taxa towards the higher hierarchical levels.
The interposition of points on the plot Δ + gen is similar to the results obtained for the infra-specific level. This may be evidence that in the architecture of taxonomic tree most of the basic (infra-specific) taxa are joined at the phylogenetically common node above the genus level ( Figure 9 ). Most of regional points are located near the lower limit of the funnel, except for Hadera. The taxonomic diversity of algal community in this river (from the genus level and higher) is subjected to degradation and, therefore, the vertical evenness of the tree topology appears to be considerably low comparative to the simulated expected average level (Δ + gen = 89.9). On the plot the Λ + gen points corresponding to Hadera, Alexander and Yarqon, are located above the upper limit of the probability funnel ( Figure 10 ). In these rivers, an enhanced taxonomic variability of the community structure (comparatively to the expected average level, Λ + gen = 403) was observed. The architecture of the phylogenetic tree was widely bifurcated and both oligoand polytaxonic branches were broadly represented.
This method is similar to the matrilineal history assessment by branching diagram [36] and has developed the technique for use in future alpha-diversity trend assessments. However, the interaction between the indices AvTD and VarTD is not always characterized by an inverse relationship and may be determined by peculiarities of the community hierarchical structure in every region with certain environmental conditions. According to Avise (2009) , the alteration of AvTD index reflects changes in taxonomic structure under anthropogenic eutrophication and other pollution impacts more fairly, whereas changes in VarTD index are mainly induced by the influence of long-term natural factors [37] . In this way, Δ + show that the Yarqon, Oren, Upper Jordan and Qishon algal communities have partly degraded taxonomic diversity under permanent environmental disturbances. As can be seen, the Oren river community that was used as a reference is also influenced by anthropogenic factors. At the same time the Λ + index of Hadera, Alexander and Yarqon algal communities indicates them as being formed under long-term climatic impact. These three rivers are positioned on the coastal plain in the Mediterranean phytogeographic realm [11, 12] that was formed many years ago. Therefore, comparison of this results allow us to conclude that the Warwick-Clarke method help to reveal the coastal-plain environment as more stable in respect of hydrology and that in the small territory of the Eastern Mediterranean it is difficult to find rivers without anthropogenic impact.
We analyzed species diversity in the Israeli rivers in respect to their latitudinal distribution. Figure 11a shows variation of species richness per higher rank taxonomic divisions over the North to South gradient. We excluded the Yarqon river because its stream canal is densely ponded and anthropogenically transformed, furthermore the algal diversity includes not only riverine species, but also lacustrine species.
The species diversity of algal communities having similar structure of high rank taxa (taxonomic divisions), evidently decreases from north to south (Figure 11a) . A different pattern was obtained when we analyzed the percentage of species distribution over the taxonomic divisions (Figure 11b ), due to strong anthropogenic impact in the central part of the country (e.g. the Hadera, Alexander and Lower Jordan rivers), diatoms are replaced by greens and euglenoids, but recover further south. We calculated correlation between riverine alphadiversity and latitude for the rivers of semi-arid climatic zone in Israel (Figure 12) .
The higher rank (taxonomic division) comparison that was performed by preparing star diagrams for each river has revealed two types of river communities, prevailed either by diatoms or by green algae. The algal communities of the coastal rivers and the Lower Jordan river compose the diatom-dominated group, and the communities of the other rivers, including the Upper Jordan river, the green algae-dominated group. The highest species richness was encountered in the Upper Jordan river, which is oligotrophic and is characterized by diverse geological substrates and the high amplitude temperature fluctuations. A slight to moderate anthropogenic transformation has not suppressed, but apparently enhanced the specieslevel diversity in this case. The Oren river community of Mount Carmel can be considered as a reference for the least anthropogenically disturbed riverine system in Israel. The Oren and Upper Jordan rivers represent different types of clear-water mountain river communities, whereas the Yarqon and Qishon coastal river communities reflect a long term anthropogenic impact.
A hierarchical cluster analysis of algal and cyanobacterial species diversity was divided into four clusters. The first was composed of algal floras of the coastal rivers -the Hadera, Alexander, Qishon and the Lower Jordan, with a high percentage of green algae. The second consisted of the Yarqon River that was distinguished by the strongly regulated channel and multiple ponds. The third included all rivers with the prevalence of diatom algae. Among them, the Upper Jordan and the Oren river were found to be similar, distinguished by low anthropogenic loads, significant altitude differences and no exit to the sea.
The recently developed approach based on the degree of relatedness in taxonomic structure of algal communities has been applied for assessment of deviation of taxonomic evenness from the expected average level, which conveys the influence of various environmental conditions. The Lower Jordan river was characterized by the highest taxonomic diversity index that was considerably higher than the expected average level. This is evidence for enhanced diversity in the oligo-specific branches, converging to the common node at the higher hierarchic level. The diversity level corresponding to the Hadera river was close to the expected average mode, which suggested the vertical evenness of taxonomic structure (considering infraspecific level as the basic one) was characterized by a moderate proportionality in the lower taxa/higher taxa ratio on the way to subsequent aggregation towards the higher hierarchic levels. The higher taxa diversity of algal community in this river (the genus level and higher) is subjected to degradation and, therefore, the vertical evenness of the genus tree topology appears to be considerably simple comparative to the simulated average level. Average taxonomic diversity for river Alexander was below expected average level along with a broad level of taxonomic variability.
The taxonomic diversity features corresponding to algal communities of the four rivers Yarqon, Oren, Upper Jordan, and Qishon, were considerably below the expected average level for all Israeli rivers. Furthermore, these rivers are characterized by a decreased vertical hierarchical evenness and an enhanced taxonomic variability. This was revealed not only at the sub-specific but also at the genus levels. The topology of phylogenetic tree for these rivers was profusely bifurcated, the oligoand polytaxonic branches being broadly represented and the basic (sub-specific) taxa converging at the phylogenetically common node above the genus level.
The alteration of AvTD index for the Hadera River may reflect the changes in taxonomic structure under anthropogenic eutrophication and the other pollution impact, whereas the changes in the VarTD index for the algal floras of the Alexander, Yarqon and Qishon rivers can mainly be induced by long-term natural factors, as found earlier for the Upper Jordan river communities [38] . 
Conclusion
The obtained results provide a statistically reliable summary regarding evaluation of spatial differences in taxonomic diversity patterns of algal communities caused by environmental heterogeneity, including the anthropogenic pollution impact and the longterm influence of natural factors, such as climatic and hydrological fluctuations in riverine ecosystems.
The statistical approaches revealed the primary significance of hydrology and anthropogenic load as main factors under the clustering of the river ecosystems in Israel. In particular, the similarity of the Upper Jordan and Oren rivers is significant, since the Oren is used as a natural reference river for the effects of climate change on biodiversity [18] . However, the other rivers fall into different clusters owing to a higher anthropogenic impact, which is strongest in the Hadera river basin.
Although the investigated river localities differ from each other in their flora and habitats quite a large number of common indicator species were found. Most of them are benthic or plankto-benthic, surviving in low streaming and standing alkaline waters of medium salinity and low to medium organic pollution. In the majority of rivers investigated in this study, the most abundant species were the diatoms. This is important for the future construction of monitoring systems for Israeli rivers and highlights the significance of the diatoms as the most numerous bio-indicators. The new statistical method of Warwick-Clarke helped to reveal that the coastal-plain environment was more stable in respect of hydrology and that in the small territory of the Eastern Mediterranean it is difficult to find a reference river without anthropogenic impact. The Yarqon, Oren, Upper Jordan, and Qishon communities have partly degraded taxonomic diversity under permanent environmental disturbances, but the Alexander, Yarqon and Hadera communities are formed under not only anthropogenic but also long-term climatic impact. Species richness in the algal communities tend to decrease from north to south, thus confirming the major role of climatic factors for the biodiversity forming processes in the semi-arid environments in Israel. However, deviations from this overall trend can be caused by anthropogenic impacts, for example, the transformed river channel in the case of the Yarqon river or heavy pollution by the influx of domestic and industrial wastewaters, as in the case of Hadera river.
